Abstract Eight X-ray observations of V4743 Sgr (2002), observed with Chandra and XMM-Newton, are presented, covering three phases: Early optically thin hard emission (day 50.2), photospheric emission from the ejecta (days 180.4, 196.1, 301.9, 371, 526), and faint post-outburst emission (days 742 and 1286). The flux level at Earth during the first and last phase is of order 10 −12 erg cm −2 s −1 over the energy range 0.3-2.5 keV. These values are higher than an upper limit obtained in September 1990 with ROSAT. The nova thus continued fading in the soft band (0.1-2.4 keV). The nova turned off some time between days 301.9 and 371, and the Xray flux subsequently decreased from day 301.9 to 526, following an exponential decline time scale of (96 ± 3) days. We use the absorption lines present in the SSS spectrum for diagnostic purposes, and characterize the physics and the dynamics of the expanding atmosphere during the explosion of the nova. The information extracted from this first stage is then used as input for computing full photoionization models of the ejecta in V4743 Sgr. The SSS spectrum is modeled with a simple black-body and multiplicative Gaussian lines, which provides us of a general kinematical picture of the system, before it decays to its faint phase (Ness et al. 2003) . In the grating spectra taken between days 180.4 and 370, we can resolve the line profiles of absorption lines arising from H-like and He-like C, N, and O, including transitions involving higher principal quantum numbers. Except for a few interstellar lines, all lines are significantly blue-shifted, yielding velocities between 1000 and 6000 km s −1 which implies an ongoing mass loss. It is shown that significant expansion and mass loss occur during this phase of the explosion, at a ratė
Introduction
Classical Novae (CNe) are the historically longest-known eruptive sources in the sky. They occur in binary systems consisting of a white dwarf (WD) and a normal star with typical orbital periods of a few hours. Mass lost by the star leads to accumulation of a hydrogen-rich layer on the WD surface that erupts in a thermonuclear explosion after nuclear ignition conditions are reached (Starrfield and Swift-Nova-CV group (2008) ). The radiative energy output of the outburst is large enough to eject both accreted material and some dredged up WD material into space. This envelope resembles a stellar atmosphere of an F giant (Payne-Gaposchkin (1964) ). Early in the evolution, the ejecta are bright in the optical, and no high-energy radiation is expected. As the expansion continues, the density drops, the photosphere moves inward in mass, exposing successively hotter plasma, and the effective temperature rises. This process leads to the commonly observed decline in optical, while the peak of the spectral energy distribution (SED) moves to higher energies. In this standard picture, at some point in the evolution the peak is expected to reach the X-ray regime, and several novae have been observed to emit a supersoft X-ray spectrum, similar to those of the class of supersoft X-ray binary sources (SSS) such as Cal 83 (Starrfield et al. (2004) ). These are extremely luminous sources (log L bol ≈ 37) with effective temperatures ∼ 30 − 40 eV (T eff ≈ (3 − 5) × 10 5 K). Such high luminosities and temperatures, if observed in systems with WDs, can only be powered by nuclear burning, and when a nova is emitting an SSS spectrum, nuclear burning near the surface of the WD must still be continuing. The time at which a nova ceases to emit an SSS spectrum can be considered as the time when nuclear burning has turned off.
The first detailed X-ray study of a nova during outburst was carried out for V1974 Cyg (Krautter et al. (1996) ). While X-ray emission was not expected to be observable before the photosphere receded to sufficiently hot layers within the envelope, V1974 Cyg exhibited an early hard X-ray spectrum, apparently with the characteristics of a collisional, optically-thin plasma (Krautter et al. (1996) ; Balman et al. (1998a) ). Such early X-ray emission has now been seen in other novae, e.g., V838 Her (Lloyd et al. (1992) ), V382 Vel (Orio et al. (2001) ), several CNe in a sample of novae observed with SWIFT ), and, recently, V2491 Cyg (Page et al. (2010) ), and V458 Vul ).
X-ray observations during the SSS phase yield a physical description of the innermost regions. X-ray spectra yielding color-equivalent temperatures in excess of ∼ (2 −3) ×10 5 K imply that nuclear burning is the energy source ). The evolution of the SSS is governed by the evolution of the nuclear-burning envelope that remains on top of the WD. Models of post-outburst WD envelopes with steady H-burning show that envelopes with smaller masses have smaller photopsheric radii and higher effective temperatures. As the H-rich envelope mass decreases due to mass loss and conversion of H to He, the effective temperature is predicted to increase at constant bolometric luminosity, reaching maximum temperature just before turn-off. This has recently been observed by Page et al. (2010) in V2491 Cyg. The evolution of the effective temperature is faster at low tempera-tures, slowing down at high temperatures, with its pace depending on the WD mass and the particular envelope composition (Sala and Hernanz (2005) ). For data with sufficient signal-to-noise ratio and spectral resolution, non-LTE atmosphere models allow quantitative conclusions. However, found significant blue shifts in all available high-resolution X-ray spectra of novae, indicating continuing expansion and probably mass loss, such that rigorous application of such methods must include the expansion (van Rossum and Ness (2010) ).
An alternative route is the use of expanding photoionized envelope models, for the characterization of the main kinematics and physical parameters of the system. And that is the main goal of the work we introduce in this chapter. Here, we present an analysis of the X-ray spectra from the Chandra and XMM-Newton monitoring observations of V4743 Sgr (2002) that were carried out between days 50.2 and 1286 after discovery.
Observations
Altogether, five observations with Chandra and three with XMM-Newton were obtained between days 50 and 1286 after outburst, probing different phases of the evolution. In Table 1 we list the journal of observations with day after discovery. d observation split in high-state and low-state e counts per second from dispersed photon in range 5 − 55 Å f counts per second from dispersed photon in range 5 − 38 Å (RGS1) g counts per second (0.2 − 10 keV = 1.2 − 62 Å) h absorbed band flux [ranges as in footnotes e − g] in units 10 −12 erg cm −2 s −1 ; error ranges represent peak to peak variations i absorbed band flux [range 5 − 38 Å= 0.3 − 2.5 keV] in units 10 −12 erg cm −2 s −1 ; error ranges represent peak to peak variations
Observing instruments
The ACIS-S is an array of CCD chips, sensitive between 0.1 − 10 keV with an effective area ranging from 110 − 600 cm 2 from 0.5 − 1.5 keV and an energy resolution of roughly 100 eV. The HRC (High-Resolution-Camera) is a microchannel plate imaging detector that records the dispersed photons of the Low Energy Transmission Grating Spectrometer (LETGS). The LETGS covers a wavelength range of 1 − 170 Å with an effective area of 10 − 30 cm 2 in the 19 − 40 Å range and a wavelength resolution of 0.05 Å. Since the dispersion angle is proportional to wavelength, the grating spectra are extracted in wavelength units. The Reflection Grating Spectrometer (RGS) on board XMM-Newton is sensitive between 1 − 38 Å with an effective area between 20 − 60 cm 2 in the 19 − 40 Å range and a wavelength resolution of 0.05 Å. The European Photon Imaging Camera (EPIC) consists of two MOS (Metal Oxide Semi-conductor) CCD detectors and a pn detector. The MOS are sensitive between 0.2-10 keV with an effective area ranging between 100 − 600 cm 2 from 0.5 − 1.5 keV and an energy resolution of roughly 50 eV.
Extraction procedures
The main observation product follows the concept of events files, which are tables of events with columns containing positions, arrival times and energies for each individual event. We generated these files from the raw products using standard reduction routines provided by the respective Chandra CIAO 1 (v4.2) software and XMM-Newton SAS (9.0.0). We extracted average count rates and spectra from the events files by application of filter criteria on photon positions, arrival times, and energy (see below). In the right part of Table 1 we give the count rates and absorbed X-ray band fluxes for the energy ranges indicated in the corresponding footnotes. Absorbed X-ray band fluxes can be obtained from spectral models with fairly good accuracy. As long as the spectra are reasonably well reproduced, the resultant flux does not depend strongly on the model assumptions, and the determination of absorbed fluxes over the energy band covered by the detector is thus robust. Nevertheless, for the grating spectra we made use of the high spectral resolution and determined the fluxes directly from the spectra by integrating the photon fluxes from each spectral bin in a given wavelength range. First, we extracted the fluxes from the entire band pass of each instrument, except for the LETGS fluxes, where significant contamination of second-order photons occurs longwards of 55 Å. For direct comparison of the brightness evolution, we also extracted fluxes over a common band pass for all observations. Since the light curves are highly variable, we consider the range between minimum and maximum count rates as uncertainty ranges. The extracted fluxes are listed in the last two columns of Table 1. The first X-ray observation was made with low (CCD) spectral resolution with the original purpose to determine whether the brightness level was suitable for highresolution observations. We have placed a circular extraction region with a radius of 20 pixels around the expected source position and extracted the number of counts in the detect cell. The background was extracted from an adjacent (source-free) region. As can be seen from Table 1, the source was clearly detected. Next, we extracted a spectrum from the photon energies. The spectral analysis is described in §6.1, and the fluxes listed in the last two columns of Table 1 have been directly integrated from the best-fit model.
The time period between days 50.2 and 180.4 was unfortunately not covered with any observations because Sagittarius was behind the Sun. As soon as V4743 Sgr was visible again, a bright SSS spectrum was observed by Chandra with high-amplitude oscillations and a sudden, unexpected decay by two orders of magnitude (Ness et al. (2003) ). We split this observation into two parts (starting on days 180.4 and 180.6) in order to investigate the bright and faint phases separately. Three more Chandra LETGS observations were taken on days 301.9, 371, and 526. The spectrum was obtained by following the standard Science Threads 2 for extraction of LETG/HRC-S Grating spectra. 3 We use the new spectral extraction region (i.e., a "bow-tie" shaped region), contained in CALDB 4.2. When the LETG (Low Energy Transmission Grating) is used with the HRC-S detector (High Resolution Camera), this comprises a central rectangle abutted to outer regions whose widths increase as the dispersion distance increases. The background region is taken from above and below the dispersed spectra. The region shape for both, source and background negative and positive orders is precisely given in the CALDB V 4.2. Having properly extracted both, source and background spectra from each arm, we merged them, obtaining added source and background spectra. This is intended to increase the signal-to-noise ratio (S/N) of the final spectrum, and the spectral analysis (throughout this work) is based on this co-added spectrum.
The decay phase, which comprises the time interval before the faint-phase (obs day 180.6), of approximately 5 ks of duration, is discussed in Ness et al. (in prep.) , and will not be analysed here. The pre-decay phase is composed then for the first 15 ks of the observation at day 180.4, which we call epoch 1. Due to similarities with this we also study the spectra at days 301 and 370 called epochs 2 and 3, respectively. The LETGS has an energy coverage range 0.07 − 10 keV, however, we make use of the energy bandpass 0.2 − 10 keV, since significant contamination of second and higher orders photons are expected below 0.2 keV. The final spectra is shown using a bin size of 0.0250 Å for epochs 1, 2, and the default bin size of the LEG 0.0125 Å for epoch 3, making use of the high resolution of the spectrometer.
On day 196.1, two weeks after the observation of the steep decay, an XMMNewton ToO observation was carried out, and the nova was again bright in X-rays exhibiting a SSS spectrum. The spectra and count rates were extracted from standard pipeline products. We have corrected the RGS spectra for pile up by reclaiming the first-order photons that were recorded in the second-and third-order RGS spectra. For the calculation of fluxes, we use the "fluxed" spectrum that combines RGS1 and RGS2 spectra. The "fluxed" RGS spectrum is a product of a SAS procedure that fully exploits the redundancy of the two spectrometers onboard XMM-Newton.
Two more observations were taken, on days 742 and 1286, with XMM-Newton. The RGS spectra do not contain sufficient signal for useful results, and we concentrate on the MOS1 observations. The source is not recorded in the pn detector because the source position coincided with a gap between two CCD chips. The count rates and spectra were extracted from the events file using circular extraction regions with a radius of 200 pixels, again filtering on the coordinates.
Brightness evolution
The evolution of the X-ray broad-band fluxes is depicted in the top panel of Fig. 1 . From day 50.2 to 180.6, the flux increased by three orders of magnitude. The faint phase on day 180.6 yields a factor ∼ 75 reduced brightness compared to before the decay, but the flux level is still a factor ∼ 20 higher than the flux obtained from the pre-SSS observation taken on day 50.2 (see also Table 1 ). The flux on day 196.1 is slightly lower than the pre-decay flux, while we find the same flux level for day 301.9 as before the decay. We caution that the comparison of fluxes between days 180 and 196.1 is uncertain owing to cross-calibration uncertainties between different instruments and uncertainties arising from the pile up correction of the RGS spectrum. Note that the Chandra LETG spectra are not piled up because of the architecture of the HRC detector. The fluxes for days 301.9, 371, and 526.1 follow an exponential decline, e −t/α , with α = (96 ± 3) days (1-σ uncertainty). The last two XMM-Newton observations taken on days 741 and 1286 yield fairly similar flux levels as on day 50.2. In order to determine whether this may be the quiescent level, we checked the ROSAT archive and found no X-ray detection in a 12-ks observation (ObsID 932149) taken 1990 September 17.1. The upper limit of 2 × 10 −4 cps over the 0.1-2.4 bandpass corresponds to a Chandra and XMM-Newton count rate of < 10 −3 cps and is thus well below the count rate level observed on days 50.2, 741, and 1286 encountered for the same band.
Spectral Evolution
As a first description of the spectral characteristics of the object, we extracted count rates from different energy ranges, and calculated two hardness ratios along the conventional definition HR = (H − S )/(H + S ) with H and S being the count rates in two hard and soft bands, respectively. The evolution of the two different hardness ratios are shown in the second panel of Fig. 1 , where the energy ranges for H and S are indicated in the bottom right legend. The evolution of both hardness ratios Table 1 (top) and hardness ratios (second panel). The next four panels show the evolution of color-equivalent temperature, neutral hydrogen column density, N H , effective radius, and bolometric luminosity. Only relative changes of radii and luminosities are shown because the absolute values are unreliable as a consequence of poor model assumptions. The value of the blackbody temperature found from the model to day 742. The Galactic absorption N H obtained from the model to day 50.2 as described in §6.1 are included in the third and fourth panels, respectively. Since the blackbody temperature for day 742 is highly uncertain, it is marked with a gray question mark. The normalization for day 526 might be contaminated by emission lines, leading to an overestimated radius (5th panel).
demonstrates the three phases of evolution. We group the observations into an early hard spectrum (day 50), the Super Soft Source phase (days 180-370), and the post-SSS phase (days 526-1285). The panels below show the evolution of the spectral shape of the continuum color and related parameters characterizing the SSS spectra.
The detailed spectra are shown in Fig. 2 in the order of date after discovery from top to bottom (see upper right legends in each panel). While the grating spectra taken between days 180.4 and 526 can be converted to photon flux spectra, this is not possible for the CCD spectra, and the raw counts per bin are plotted instead. Since the CCD spectra are binned on an equidistant energy grid, these spectra are not equidistantly binned when plotted in wavelength units, which is chosen here for consistency with the majority of grating spectra. For orientation purposes, the corresponding energies to each given wavelength label on the x-axis are given in the top.
The spectral evolution of novae in X-rays can be divided into three major phases, which can be identified in Fig. 2 : an early emission phase that is characterized by "hard" emission (day 50.2), the SSS phase (days 180.4 to 526), and a late emission phase that is again a harder spectrum (days 742 and 1286). While the SSS emission is photospheric emission from the extended WD, the origin of X-ray emission during the other two phases is less clear. Early "hard" emission is suspected to originate in shocks while the late emission phase could be radiatively cooling nebular ejecta.
Fig. 2
Comparison of all X-ray spectra with the start times given as fractional days after discovery in the upper right legend of each panel. For observation details see Table 1 . The grating spectra were converted to photon fluxes (days 180.4-526), and data shortwards of 19 Å were removed as no signal is present. The CCD spectra (days 50.2, 724, and 1286) have been extracted on an equidistant energy grid, but are shown on the same wavelength scale, and in units counts per Å, without background subtraction. In the bottom two panels, the spectra are shown on a logarithmic scale.
The spectrum on day 50.2 is shown in the top panel of Fig. 2 . It has very low signal to noise and spectral resolution but significant hard and soft emission can clearly be identified. Some of the features could be emission lines, and this spectrum thus meets expectations of an early hard emission line spectrum.
The LETGS spectrum taken on day 180.4 has already been presented by Ness et al. (2003) . The spectrum is clearly significantly softer, and it is a continuum spectrum with absorption lines. On day 180.6, after the steep decay, an emission line spectrum has appeared (Ness et al. (2003) ). As described above, units of photon fluxes are plotted.
The spectra taken on days 196, 302, 371, and 526 are remarkably similar, and they all originate from the extended WD photosphere. Small differences can be seen in the depth of some absorption lines, and the Wien tail extends to somewhat shorter wavelengths between days 196 and 372, compared to days 180.6 and 526. On day 526, the absorption lines are less deep, and emission line features arise. These emission lines could have been present all the time, and with the lower emission level of the continuum on day 526, they are easier to see. A detailed comparison of the SSS spectra can be found in §6.
The last two XMM-Newton observations are too faint for the high-resolution RGS, and only the low-resolution MOS1 spectra are useful. In the bottom two panels of Fig. 2 , the spectra from days 742 and 1286 are shown. Both spectra show no features that could be associated with emission lines like in the ACIS spectrum in the top panel of Fig. 2 . Since the MOS1 has a similar resolution as the ACIS, we can conclude that the post-outburst spectra are of a different nature.
Continuum and detection of X-ray lines in the SSS spectrum
Here we describe the selection of the continuum and the statistical procedure for the detection of the X-ray lines. Motivated by Ness etal. 2010, we choose a black-body with temperature kT = 37 eV (T = 427000 K). The column density of neutral hydrogen in the line of sight, N H , was found by comparison of the non-absorbed model with N H -corrected observed spectra, from different assumed values of N H . Other authors argued that χ2 minimization of N H overemphasizes the 25−35-Å region where the highest count rates are encountered, while the importance of N H increases towards longer wavelengths, where the count rate is low, and the contributions to χ2 are small. We use the tbabs 4 model for the interstellar absorption with a column density of N H = 2.2×10 21 cm −2 . For the continuum described above we look for significant residuals using as general strategy model comparison. The resulting value of 2.2 ×10 21 cm −2 is between expected values from Galactic neutral hydrogen maps. For the purposes of detecting a spectral feature, i.e., an absorption/emission line (in the count-wavelength space) is at least two changepoints (separated by at least a distance equivalent to the resolution of the instrument). In the statistics literature this is a point where the underlying process changes abruptly. The concept, has already been used in time series data (Scargle (2004) ). Here we apply the idea to grating X-ray data. So we take a "chunk" of data, labeled k, and compute the marginalized likelihood of the model (M k ) given the data (D k ):
where N k is the total counts in the chunk of data k. Λ n is the broad band model count rate in units of counts per bin (n). P 0 forms part of the prior:
where
and Γ is the incomplete gamma function, and β and α are parameters. Our fitting of the continuum model into the data is made using the Interactive Spectral Interpretation System 5 , and the corresponding subroutines in the library package S-lang/ISIS Timing Analysis Routines 6 . Having computed the changepoints of a feature, we take the wavelength center as an input for our CONTINUUM + LINES global model. The statistical significance is afterwards measured as the distance from the continuum to the core of the line, in units of the Poissonian error σ p . Figure 3 shows the broad-band X-ray spectra of V4743 Sgr, by epoch, with the continuum described in §2.4.1 overplotted as a thick blue line. This continuum is then modified by multiplicative Gaussians:
Fits to the SSS spectrum
Where τ 0 is the optical depth at the core of the line. The width is given by σ. And the energy at the core is E 0 . The number of Gaussians to be used is given by the detection procedure described in §2.4.1, with σ p ≥ 2. The measurements of the line parameters along with their identifications are given in In the first column we have the observed center of the line, in the second column the statistical significance of the detection. In the third column, the candidate ionic specie for that line. In the fourth, the theoretical wavelength of the transition. In the fith, the atomic transition of the line. In the sixth, the Doppler shift of the core of the line. In the seventh, the equivalent width of the line (EW) in milli-angstroms, computed with:
is the continuum at the energy E. The ion column densities (N j ) are derived from the identifications in the Tables, assuming that the equivalent widths lie on the linear part of the curve of growth, and are quoted in colunm 8. That is we calculate N j , from:
where m e is the electron mass, c the speed of light, and f i j , the oscillator strength of the transition between levels, i and j.
Kinematic modeling of the pre-decay phase
The SSS spectrum originates from the extended atmosphere of the white dwarf. This is a photoionized optically thick expanding wind (van Rossum and Ness (2010)).
Here we start by constructing a kinematic model for such a wind, based on the observed spectra, and we use this model to extract various important physical parameters from the observations. We assume spherically concentric shells photoionized by a simple blackbody with integrated 1 − 1000 Ryd luminosity L = 10 37 erg s −1 , and temperature of kT = 37 eV, which form an expanding envelope. At this point, we do not solve the equations of radiative transfer between spherical clouds, but assume that there is a relation between radial location and velocity field, and the ionizing flux dilute only geometrically as ∝ r −2 . The gas composition is made of H, He, C, N, O, Ne, Mg, Si, S, Ar, Ca and Fe. We use the abundances of Grevesse et al. (1996) in our models (and use the term solar for these abundances). From the continuity equation for a constant mass loss rate, we adopt a density profile for the expanding envelope as described by a beta-law,
where w is the velocity of the wind normalized to the terminal velocity v ∞ , w 0 is the normalized velocity at the base of the wind and x is the distance normalized to the radius of the central core x = r/r 0 . The parameter β is the quantity governing the slope of the velocity with the distance. The other function responsible for the variation of the optical depth with velocity is the ion density. This is given by
where A E = n E /n H is the abundance of the element with respect to H, q i = n i /n E is the ionization fraction, and n H (x) is the gas number density
whereṀ is the mass loss rate and µm H is the average mass of the particles. At this point we need to adopt a model for the ionization balance. We assume that we can compute the ionization fraction q i of each specie as a function of an ionization parameter ξ (the ratio of the ionizing flux F to the gas density n H ) at each radial point. ξ for the optically thin case is
where L ion is the ionizing luminosity of the source, but if the space between the source and the photoionized region is optically thick
where τ(r) is the optical depth up to the observed gas. By combining equations (10) and (11) 
. This is what we call, a spherical wind, because the density profile is that of a spherically symmetric shell. Due to additional complexities that can be associated to the expansion of the nova and to take into account deformation of the density profile (due to magnetic fields for instance), we re-write the density as:
where a positive value of κ implies that the gas flow dilutes more slowly than in a free spherical expansion, i.e. that there are sources of gas embedded in the flow, or that the flow is confined. A negative value corresponds to sinks of gas in the flow, or expansion of an initially confined flow in a flaring geometry. Here and in what follows, we set w 0 = 0 for simplicity. We then find that
and this is the relationship between the ionization parameter and the radial velocity for a non-spherical, optically thick wind. The two panels in Figure 4 shows details of the spectrum and the results of our model. Most of the Gaussian features match well the observed spectrum, more specifically the centroids of the features are well located, a good element for our purposes. However, the fit is far from being statistically acceptable. 
Ionizing Luminosity, Mass Loss Rate, and Kinetic Luminosity of the Flow
We seek to constrain key physical parameters of the wind such as its mass loss rate and kinetic luminosity from the observed spectra and the relations derived above (see Table 2 for a summary). But, first one needs to answer a basic question, is the wind optically thin or optically thick? To answer this we look for possible changes in the ionization of the spectra among the three epochs of observation. In Figure 5 we look at the relative column densities of S xvi and N vi resonant lines vs. apparent luminosity for the three epochs of observation.
These two column densities are easily measured in the spectra and expand a large range in ionization. The ratio of column densities is notoriously flat, and so are the ionization of the spectra, while the apparent luminosity changes by a factor of ≈ 2. This means that the three spectra steam from different radial distance, being the region farthest from the source in epoch 1 when the luminosity is maximum and nearest in epoch 3. It also means that if ξ is to remain constant for varying L rad and the wind is spherical it cannot be optically thin, but thick (see equation 11). From equations 10 and 12 one can write the mass loss rate aṡ
where µm H is the average mass of the particles. The ratio (v/ξ) can be independently determined from observations for each of the species observed in the spectra. The values of v were measured from the centroids of the lines; C vi λ33.734, N vi λ28.787 and O vii λ21.602 for the three epochs under consideration (see Tables 3 -5) . The values of ξ are taken from the ionization balance curves of Kallman and Bautista (2001) . Figure 6 presents the results forṀ as derived from different species and on different epochs. The spread in values from different species is probably due to variations in the optical depth up to the regions where different ions form. The optical depth τ is a complex function that depends on the column density of gas and its physical conditions up to the region responsible for the observed absorption troughs. The overall results are for an upper limit tȯ
) M ⊙ /yr. The kinetic energy of the flow is defined as
Our results for the ratio of (L kin /L rad ) × expτ in epochs 1 -3 are depicted in Figure  7 . The numeric values in this figure can be regarded as upper limits to the ratio of kinetic to radiative energy in the wind. Interestingly, this ratio is less than one in epoch 3, suggesting that the flow has fallen out of equipartition. This can be understood if by this time in the expansion radiative pressure has become insufficient to overcome the gravitacional potential. If this result is applicable to other novae it means that ejecta mass determinations based on the assumption of equipartition are only reliable when near the spectral peak, which is also the kinetic peak. During other phases, the mass outflow is very small. 
Analysis and discussion
Here we present an analysis and following of a discusion of the: (1) early hard spectrum, (2) sss-phase and (3) the post-sss phase.
Analysis of early hard spectrum
V4743 Sgr is not the first nova for which a hard X-ray spectrum was found before the WD has become visible in X-rays. Spectral model fits to such spectra imply that the X-ray emission originates from an optically thin collisional plasma, leading to the interpretation of shock fronts within the ejecta (O'Brien et al. (1994) ). For this reason, we chose a model that produces an emission line spectrum arising in an optically thin plasma with an isothermal electron temperature, T e , in order to model the ACIS-S spectrum taken on day 50.2. We have used xspec 7 to fit the model to the data while accounting for all instrumental effects. The vapec model is based on atomic data calculated by the Astrophysical Plasma Emission Code (APEC, v1.3:, Smith et al. (2001)) and allows the abundances of He, C, N, O, Ne, Mg, Al, Si, S, Ar, Ca, Fe, and Ni to vary. The associated database, APED, is a more recent compilation of the atomic data contained in the MEKAL database which was used by Balman et al. (1998b) for the early emission of V1974 Cyg. The underlying assumptions are the same, i.e., the plasma is optically-thin and in collisional equilibrium. The principal parameters are temperature, normalization, and abundances relative to Solar. Since the plasma is unlikely to be isothermal, the sum of several APEC models can be used as an approximation of a continuous distribution of temperatures.
We have corrected for interstellar absorption assuming a fixed value of N H = 1.4 × 10 21 cm −2 Lyke et al. (2002) ), using the absorption model tbabs. The normalization parameter can be converted to volume emission measure (VEM, units cm −3 ), assuming a distance of 3.9 kpc. We found isothermal models statistically unsatisfactory with none achieving a reduced χ2 better than χ2 red = 1.70 (66 degrees of freedom, do f = N − n p ). With 2-temperature (2-T ) models, we found significantly better fits (see Table 3 ). For the best-fit model, we found an F-test value of 64 and a probability of 1.8 × 10 −6 , thus the second model component is statistically justified. We found no further improvement with 3-T models.
We first assumed solar abundances, scaled with a single factor for all abundances, but we found poor fits. Next we iterated the abundances of N, O, Ne, Mg, Si, S, and Fe, with other elements fixed at their solar values because no strong lines from these species are observable. The values of the abundances are poorly constrained. For Fe we find only an upper limit of < 0.04. We caution, however, that the low Fe abundance may be an artifact from approximating a continuous temperature distribution with only two isothermal components. Likewise, the abundances of the other elements are poorly constrained, and no robust conclusions can be drawn from the best-fit values. The model parameters are listed in Table 3 . 
Discussion of early hard spectrum
The optically thin models used for fitting the early hard spectrum have originally been developed for the X-ray spectra of the Solar and stellar coronae. Our spectrum differs only in the X-ray luminosity and the likely different chemical composition of nova ejecta. The possibility could be considered that the early hard emission is of a similar origin. The Solar corona is powered by magnetic fields that are generated in the tachocline, the sheer layers between the inner radiation zone and the outer convection zone. In a nova, magnetic fields could be generated by a similar dynamo, located in the interface between the ejected envelope and the WD surface that is rigidly rotating underneath the ejecta. If V4743 Sgr is an intermediate polar as suggested by Kang et al. (2006) , and Dobrotka and Ness (2010) , the permanent magnetic field of the WD could amplify dynamo-generated magnetic fields that power a corona. However, these considerations are solely based on plausibility arguments and are difficult to test, as no coherent models for the production of coronal emission exist. While the influence of magnetic fields can not necessarily be discarded, magnetic fields are not part of the models assumptions of the optically thin thermal models. Other possibilities can thus be considered.
More commonly accepted is the idea of interpreting the collisional nature as originating from a shock-heated plasma, although it is not clear whether the shocks originate from within the ejecta or from interactions with circumstellar material or the stellar wind of the companion.
Shocks with the stellar wind of the companion can only produce X-ray emission that is strong enough to be detectable at the given large distance if the stellar wind is sufficiently thick, and that requires a symbiotic nova such as RS Oph (Ness and Starrfield (2009) ). In those systems, the companion is an evolved giant or subgiant. The ejecta run into this medium and dissipate some of their kinetic energy in the form of X-ray emission in the resulting shock ). In Classical Novae like V4743 Sgr, no strong stellar wind is present and no hard X-ray emission is expected from this production mechanism. One indication that V4743 Sgr is not a symbiotic nova is its short orbital period of 6.7 hours (Kang et al. (2006) ), which is much shorter than typical orbital periods of symbiotic novae of several hundred days. We also consider shock interactions with circumstellar material unlikely, since the required density is higher than models of nova binary systems would suggest (Lloyd et al. (1992) ). We have no reason to assume a higher density of the ambient medium as believed in GK Per (Bode (2004) ) or V458 Vul ), where a planetary nebula was found to surround the nova.
O 'Brien et al. (1994) developed a shocked-gas model for the specific case of V838 Her and argued that the shock-heating must take place as a result of the interaction of different components within the ejecta. This "interacting winds" model has been refined by Lloyd et al. (1995) . The complexity of the absorption lines that we found in the later SSS spectra indicates that the ejecta are not homogeneous, which is an important ingredient for this model. The presence of different velocity components could aid the development of shocks within the ejecta.
On the other hand, in order to produce enough X-ray emission in a shock, sufficiently high densities are needed, which unavoidably also have a high opacity. It has not been tested whether X-ray resonance lines of H-like ions can escape such a plasma. Furthermore, at least two distinct episodes of ejection are needed, providing slow-moving ejecta from an earlier outburst and fast-moving ejecta from a later ejection event. While this has been observed in V2362 Cyg, no explanation on how such secondary events could occur have been found. It could be possible, on the other hand, that some material is falling back, colliding with the expanding ejecta.
With all the given arguments, the cause for the early hard emission can not be identified with certainty. At this time, no deep X-ray spectrum of the early hard emission phase of a nova has been taken that could be used to pose constraints on the different causes.
Analysis of the SSS phase
The details of the grating spectra confront us with a high degree of complexity. The continuum has the shape of a stellar atmosphere in all observations between days 180.4 and 370, but the absorption lines are blue-shifted and highly structured. The blue-shifts of all photospheric lines indicate that expansion is still continuing during the SSS phase, bringing about (as we will show later) a significant mass loss ). The line profiles are extremely complex, and not all lines have the same profile. Globally, up to three different velocity-bands can be observed: v 1 ∼ −1000 km s −1 , v 2 ∼ −2500 km s −1 and v 3 ∼ −6000 km s −1 , coming from ionic species spanning a wide range of ionization states, from C v to S xiv (see Table 4 ). The distinctness of three velocity components as seen in Fig. 4 , suggests that three (or more) concentric shells with low-density plasma in between are present. On the other hand, some lines are much narrower with only one or two components.
Clearly, not all lines originate from the same region, indicating that a large range of different plasma regions are visible at the same time.
The amount and duration of mass-loss during the SSS phase can only be determined from detailed, physically plausible models. NLTE effects have proven to be crucial Hartmann and Heise (1997) , and minimum requisite of the model has to be that it is spherically symmetric and expanding van Rossum and Ness (2010) . See also §4 for evidences of this latest assumption. Fig. 8 Comparison between the X-ray spectrum of V4743 Sgr taken on day 742 and a post-SSS nova spectrum (top) and that of the intermediate polar EX Hya (bottom). The thick grey line in the top panel is a rescaled best-fit model to an X-ray spectrum of V382 Vel taken 334 days after discovery after convolution through the MOS1 response. In the bottom panel, normalized counts from our MOS1 spectrum and a SWIFT/XRT count spectrum are compared.
Discussion of the SSS phase
This is the first time that such results is extracted from observations, and a direct comparison with other works is not possible at the moment, but it implies that the kinematics of the ejecta comes from the radiation supplied by the central source; suggesting the validity of the equipartition of energy Shara et al. (2010a) .
We assume an ad hoc efficiency of the radiation to ionization L ion /L rad = 0.41. A precise determination of L rad is not simple, but we explore plausible values of it. We make use of the grid of novae models from Yaron et al. (2005) , to estimate the mass of the white dwarf, M WD , the temperature of its isothermal core, T WD , and the mass transfer rate,Ṁ WD . If we take the average of m e j ≈ 4 × 10 −4 M ⊙ (assuming L = 10 38 erg s −1 ), and look for the "best"-fit with the m e j in Table 2 of Yaron et al. (2005) , we find that the best-set of parameters is: M WD = 0.4, T WD = 10 7 K and log 10 (Ṁ WD ) = −9 (M ⊙ /yr). That would imply that we are in the presence of a lowmass ( 0.5 M ⊙ ) WD close binary system Yaron et al. (2005) . On the other hand, if we look for parameters with m e j ≈ 6 × 10 −4 M ⊙ , then M WD = 0.65, T WD = 10 7 K and log 10 (Ṁ WD ) = −12 (M ⊙ /yr). However assuming we take our computed luminosity of L ≈ 6 × 10 38 erg s −1 , then our estimation of m e j , would be ≈ 2 × 10 −3 M ⊙ and the extended grid of models Shara et al. (2010b) is required instead. In that case M WD = 0.5, T WD = 3 × 10 6 K andṀ WD = 5 × 10 −11 (M ⊙ /yr), posing our object at the border of a very luminous red novae. This is certainly an upper limit since L ≈ 6 × 10 38 erg s −1 is only for epoch 1 and not for the whole time-interval of the mass loss. At the moment more precise estimations of the luminosity are required to characterize the set of physical parameters of the system V4743 Sgr. More work on that regard might take place in the near future.
Discussion Post SSS phase
The basic idea of the final stages of nova evolution is that the ionized ejecta are radiatively cooling. Kinetic energy is successively converted to radiation via boundbound collisional excitations followed by radiative deexcitations. As discussed in §6.2, charge exchange may also be an efficient cooling mechanism. In any way, the typical spectrum of a radiatively cooling plasma is an emission line spectrum, and appropriate models are thin-thermal models as, e.g., implemented in the apec module in xspec.
A good example of a spectrum of radiatively cooling ejecta are post-SSS Chandra observations of the nova V382 Vel, taken on days 268, 334, and 450 after discovery. The first of these spectra was analyzed by Ness et al. (2005) , and the assumption of a radiatively cooling plasma proved valid. The other two observations were successfully modeled with thin-thermal plasma models by Burwitz et al. (2002) , who also found a slow power-law decline from all three observations. Both post-SSS spectra of V4743 Sgr are different to V382 Vel. In order to compare these spectra, we show in the top panel of Fig. 8 the XMM-Newton/MOS1 spectrum of V4743 Sgr taken on day 742 and a rescaled model that fits the Chandra spectrum of V382 Vel, taken on day 334, after convolution through the instrumental response of the MOS1 detector. The spectrum of V382 Vel contains strong emission lines that are resolvable with the MOS1 detector, and no significant emission arises above ∼ 2 keV. Meanwhile, our spectrum is dominated by featureless emission, including a hard tail extending up to 10 keV. We were unable to find a satisfactory fit to the spectrum using an optically thin, thermal plasma model. Furthermore, no significant fading of the hard emission can be identified between days 742 and 1286 (see Fig.9 ), while considerable fading was seen in V382 Vel (Burwitz et al. (2002) ). All evidence we have thus indicates that the hard component is not typical post-nova emission.
It is also of interest to note that no X-ray emission was seen in a deep ROSAT observation in 1990, twelve years before outburst. The nova has thus not returned to quiescence yet. Since the ROSAT band only covers the energy range 0.1-2.4 keV, this non-detection only indicates the absence of soft emission, while the hard tail could have been present at that time. We thus predict that at least the soft component will eventually disappear. 
Summary and Conclusions
We studied the hardness and brightness evolution using eight X-ray observations of V4743 Sgr and found three main stages of evolution.
(1) One X-ray spectrum was taken during the first phase and is an optically thin emission line spectrum which can be modeled by a thin-thermal plasma model, indicating that collisional processes are involved. Shock interactions of different components within the ejecta are the most commonly accepted model, but the presence of strong magnetic fields could lead to coronal emission that is heated in magnetically confined loops, similar to stellar coronae. V4743 Sgr has been proposed to be an intermediate polar, and we found supporting evidence (see below), thus magnetic fields may be present and relevant.
(2) The five high-resolution spectra obtained during the brightest SSS phase provide the largest amount of detail. The spectrum resembles a stellar atmosphere, but the absorption lines are blue shifted, and their complex profiles indicate that we are dealing with an expanding atmosphere, and the ejecta are inhomogeneous. Our technique of line identification, allow us to identify lines coming from H-and He-like ions of C,N,O blueshifted by ∼ 2500 km s −1 , lead us to estimate a mass loss rate oḟ
) M ⊙ /yr. The total ejected mass is m ej ≈ (2 − 3) × 10 −4 M ⊙ , which locate V4743 Sgr., as a low-mass WD CO system. However due to uncertainties in the intrinsic luminosity of the source others (extreme?) positions in the parameter space of the grid of classical novae models, cannot be ruled out.
(3) The final phase is different from that observed in other novae, for which radiative cooling of the ionized ejecta has been observed. While significant fading of emission below ∼ 2 keV is seen, the harder part of the spectrum does not change and resembles that of the intermediate polar EX Hya. ROSAT has detected no soft X-ray emission before the outburst that could have swept away material that blocks all soft emission. As this material replenishes, all emission below 2 keV might eventually disappear. This can be tested with further observations. Meanwhile, the hard emission could stay, which would support the intermediate polar nature of V4743 Sgr.
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